ABSTRACT: A large mussel bed occurs in one of the largest fjords in Kerguelen archipelago. In January 1986, seawater and bivalves were collected at four tidal levels to determine whether a specific heterotrophic bacterial community could be observed in the mussels, especially in the stomach and in the fecal pellets, and to compare these microflora to seawater bacterial communities. The investigation was carried out using morphological and biochemical tests. Test results were analysed by a numerical taxonomic method. Almost all the heterotrophic mesophile isolates, grown on Zobell medium, were non-fermentative Gram-negative rods. The bacterial communities in the mussel fecal pellets were clearly different from the other communities studied. This specific bacterial microflora was characterized by the existence of Vibrionaceae.
INTRODUCTION
Relationships between filter-feeding bivalves and natural bacteria remain a fundamental problem {Tunnichffe & Risk, 1977; Manahan & Richardson, 1983; Stuart et al., 1982; Seiderer et al., 1984; Amouroux, 1986) . Subantarctic bacterial microflora show a strong heterotrophic potential activity (Cahet et al., 1986; Dehlle & Cahet, 1984; Bouvy et al., 1986) . They seem to play a major role in invertebrate nutrition (Delille et al., 1985; Duch~ne et al., 1987) , especially in the Mytilidae (Delille & Cahet, 1985) . The occurrence in Kerguelen Archipelago of a large mussel bed allowed us to begin a wide pluridisciplinary study in a subantarctic area including surveys of hydrological, phytoplanktonic and biological variables, and of bacterial biomass and activity. The ultimate goal of this program is to determine whether bivalves can filter planktonic bacteria with an efficiency great enough for them to be used as a significant source of food. However, complex interactions between ingested planktonic bacteria and the resident bacterial microflora occurred in the mussel digestive system {Seiderer et al., 1984) .
The present study involving numerical taxonomic analysis based on morphological and biochemical tests (API 20B System) was carried out to establish (1) the characteristics of planktonic heterotrophic bacterial communities associated with the mussel bed, and to determine (2)if specific heterotrophic bacteria communities exist in the stomach and fecal pellets of Mytilus edulis desolationis, as reported for other subantarctic invertebrates by Duch&ne et al. (1987) and Bouvy (unpubhshed data).
9 Biologische Anstalt Helgoland, Hamburg
MATERIALS AND METHODS

Study area
Kerguelen archipelago (49 ~ S, 70 ~ E) covers 6500 km 2 and has a total coasthne of 2800 km. In the south-east area, a complex system of islands and fjords located in Morbihan Bay plays the role of natural collectors of rain and melt waters. The largest of these fjords, Bossiere Fjord, is about 15 km long and 100 m wide. The mussel bed studied is located in the uppermost section of this fjord.
Oceanographical data can be found elsewhere (Delille, 1977) . In consideration of environmental conditions (e.g. tidal currents), the water column isgenerally uniformly mixed. Mean temperature of seawater is 1 ~ in winter and 7 ~ in summer, but in exceptional cases the temperature can rise to much higher values. Maximal tidal amplitude is close to 2 m.
Isolation and characterization of the strains
Samples were collected in the fjord in austral summer (January 1986) at four tidal levels: low tide, flood tide, high tide and ebb tide. At .each tidal level, bacterial strains were isolated from the seawater surrounding the mussel bed (SW), and from the stomach (MS) and the fecal pellets (FP) of Mytilus specimens.
Water samples were collected aseptically using glass bottles within 3-4 cm (at low tide) and 50 cm (at other tidal levels) above the surface of the mussel bed. Sets of 10 mussels (40 tp 61 mm shell length) were gathered and maintained in batches containing 0.22 ~m filtered seawater at the in situ temperature until treated (within 4 h). In the laboratory, the stomach of one of the mussels was aseptically isolated by dissection; fecal pellets of the remaining mussels were pipetted hourly for 24 h and transferred to sterile tubes containing 0.22 ~m filtered seawater.
Procedures for the isolation of strains representative of the three bacterial communities were initiated immediately for the seawater and mussel stomach samples and one day after the samphng for fecal pellets samples. This delay was necessary to obtain a sufficient quantity of fecal pellets; this interval between samphng and plating seems not seriously to affect the composition of bacterial population (Imbaud, 1985) . After appropriate dilutions, isolation of aerobic heterotrophic bacteria was made by the spread plate technique with 2216E medium (Oppenheimer & Zobell, 1952) . All the isolates (about thirty per dish), obtained after an incubation of I0 days at 18~ were subcultured on marine agar plates (same medium as above) until the purity and viabihty of each isolate were sure. In more polar conditions (Terre Adehe area; 66o40 ' S, 140o01 , E), we have found small differences between viable numeration results and taxonomical analysis conducted on strains obtained after incubation for 21 days at 4 ~ and for 6 days at 20 ~ (Delille et ai., 1988) .
A total of 363 representative strains were maintained throughout the study. The distribution of isolated strains from the three heterotrophic bacterial communities at each tidal level is reported in Table I . For taxonomic analysis, the 27 characters of the API 20B system were used for each strain (API System S.A., La Balme les Grottes, 38390, Montaheu Vercieu, France). The API 20E system has been successfully used in the natural environment for enteric bacteria (Le Chevalier et al., 1983) . A new pattern of this system (SXT or API 20B), specific to environmental research, was developed exphcitly by Baleux (1977) . The API 20B culture medium contains only 0.5 % NaC1. Therefore, a sahnity of 34 %o, was estabhshed asepUcally in culture medium for our marine bacteria. The physiological and biochemical tests (detailed in Baleux, 1977) were performed on each isolated strain (see abbreviaUons for tests in legend in Fig. 1 ). Convenient for routine studies (Iniss & Mayfield, 1979; Di Siervi & Mariazzi, 1982) , this method represents a substantial improvement over more tedious procedures available some years ago {Trousselier & Legendre, 1981}.
The simple matching coefficient of Sokal & Michener (1958) in association with the W.P.G.M. (weight-pair-group-median) algorithm (Sneath & Sokal, 1974} was used for the numerical taxonomic analysis.
RESULTS
The diagram in Figure 1 shows distinct responses in the three bacterial communities studied {surrounding seawater, stomach and fecal pellets of mussel), disregarding the tidal stages. Almost all of the isolates were Gram-negative rods. The majority was motile, and catalase and oxidase positive. Some of them (18.3 % of fecal pellet isolates) used glucose fermentatively and they belonged to the Vibrionaceae. However, fecal pellet bacterial communities showed clear differentiations compared with the other communities studied: -great proportion of indole production from tryptophane {65.9 %)~ Numerical taxonomic analysis, conducted on results obtained in the four tidal stages, gave the four dendrograms reported in Figures 2, 3, 4 and 5. A total of 98 % of the isolates clustered at a 80 % level of similarity. Only one or two isolates of each analysis failed to duster at this level (noted I).
Bacterial communities at different tidal levels
Low tide (Fig. 2) : All bacteria included in cluster A were identifiable with Vibrionaceae. With the exception of one isolate, these bacteria were isolated from the fecal pellets. All the other bacteria were non-fermentative Gram-negative rods. Members of clusters B and D were all identified as seawater isolates. Two clusters (H and F) were strongly influenced by one bacterial community origin (78 % of stomach isolates for E and 72 % of water isolates for F). Cluster C, which included a mixed community (close to 50 % of seawater and stomach isolates), contained only inert isolates (0 % of positive responses of carbon compounds utilization).
Thus, although few clusters were distinguished (6 clusters), the studied bacterial communities at low tide revealed clear physiological and biochemical particularities. (Fig. 3) : Excepting one Micrococcus. strain isolated from the stomach which failed to cluster at the 80 % level of similarity, all the isolates were non-fermentative Gram-negative rods. Three clusters contained only isolates of a single origin (B: fecal pellets; F and J: stomach). While fecal pellet isolates were well discriminated (26 of 29 total strains in the same cluster B), seawater and stomach isolates were mixed in 6 clusters (A, D r E, G, H and I).
Thus, bacterial communities at flood tide were more diversified (ten clusters) but appeared homogeneous for organic compound utilization. (Fig. 4) : All bacteria isolated from the studied communities at high tide were non-fermentative Gram-negative rods.
Members included in cluster A were inert Isolates. None of the fecal pellet strains were present in this cluster. The smallest cluster D with 2 strains was the only one composed of isolates from one bacterial community (surrounding seawater}. The largest cluster B contained more than half of the strains isolated. The rest was distributed over 4 clusters which comprised strains from all of the three samples. Thus, the strain distribution appeared heterogenous. t~ b b t i d e (Fig. 5 ): Excepting one Micrococcus strain isolated from fecal pellets, all isolates were non-fermentative Gram-negative bacteria. However, some strains included in cluster G were coccoid forms and resembled members of the genus Acinetobacter. Other isolates were rod-shaped bacteria.
Members of clusters A, E and H were only strains isolated from, respectively, the stomach, the fecal pellet and the surrounding seawater bacterial communities. Four clusters {C, D, I and the biggest cluster J with its 27 strains} contained a great proportion of single origin isolates. Three small clusters (B, F, G) were heterogeneous because they comprise strains from all three samples. Thus, the studied bacterial communities at ebb tide appeared well differentiated.
DISCUSSION
The predominance of non-fermentative Gram-negative rods in subantarctic bacterial communities confirmed the prehminary results obtained in this zone {Delille & Cahet, 1985; Lemoine, 1.985} . This fact was previously reported in temperate (Bianchi, 1981) and tropical area (Simidu et al., 1980; Sugahara et al., 1984} and in high latitudes (Hauxhurst et al., 1981}. Thus , this observation appears a fundamental characteristic of seawater marine ecosystems. However, if Gram-negative rods are always dominant, fermentative strains are also reported in the antarctic zone (Tanner & Herbert, 1982}. Some strains of Gram-negative cocci were identifiable with genus Acinetobacter. In this study, such isolates clustered with other gram-negative rods (see Fig. 5 , cluster G). This enabled us to confirm the shght difference between some natural coccoid and rodshaped bacterial forms {Novitsky & Morita, 1976; Ammerman et al., 1984; Delille & Lemoine, 1987} . Often noted in other subantarctic samples, these strains appeared as a trend of degenerative community (Imbaud, 1985} . The low proportion of this type of isolate in our study could be an indication of a high metabohc activity of the bacterial community. A confirmation of this hypothesis can be found in the average U.A.I. values obtained in this study which were higher than those reported by Imbaud (1985} for other Morbihan Bay sample~. Our U.A.I. notion corresponds to the average index of carbohydrates utilization (12 tests of the 27 characters of API 20B system}. However, other indices such as the nutritional versatility index (Hauxhurst et al., 1981} and the average carbon compound index {Martin & Bianchi, 1980} have been developed. A direct comparison, however, is not possible because different and more numerous substrates were used in calculating their percentages. But great similarities may be noted between their overall results and our estimations. With a mean U.A.I. value of 59 %, the heterotrophic bacterial microflora of fecal pellet appeared more active than the seawater and stomach heterotrophic microflora (respectively 37 and 36 % for U.A.I.). These last percentages were quite similar to mean values reported by Martin & Bianchi, 1980 (40 % for Mediterranean waters) and Hauxhurst et al., 1981 (51% for Alaska offshore waters).
The existence of Vibrio strains associated with bivalves has been noted by Colwell & Liston (1960 , 1952 , Chakroun (1967) and Martin (1976) . This development of a specific bacterial community should not be linked either to a direct consumption or to a direct selective digestion of bacterial strains (Prieur, 1982; 1984) . This phenomenon should rather be related to a selective growth of bacteria during the digestive processes in the alimentary tract of mussels. The presence of this specific bacterial community appeared all the more interesting knowing that this genus is very uncommon in natural subantarctic seawater.
Although the isolation procedure of the strains (medium composition, random selection of isolates) neglects some taxonomic groups, the existence of specific heterotrophic bacterial communities in the stomach gland and fecal pellets appeared unquestionable compared to those of surrounding seawater. The differentiation of bacterial communities could be related to the water movement (e.g. tidal level and current) in the fjord. Hydrodynamic conditions also explain, during some periods, the depletion of particulate organic matter above mussel populations (Flechette & Bourget, 1985) . Thus, the proportion of bacteria in the total nutrition of mussels could change over the year. Investigations on the role of planktonic heterotrophic bacteria .in mussel nutrition during the different tidal stages are in progress in order to answer the following question: How much of this amount of food source do the mussels assimilate?
